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Abstract — Volatile organic compounds (VOCs) are low calorific value gases (LCVG) emitted from chem-
ical processes such as painting booth, dye works and drying processes etc. Characteristics of VOCs are low
calorific values less than 150 keal/m®, high activation energy for ignition and low energy output. These char-
acteristics usually make combustion unstable and its treatment processes needs high-energy consumption. The
cyclone combustion system is suitable for LCVG burning because it can recirculate energy through a high
swirling flow to supply the activation energy for ignition, increases energy density to make a combustion
temperature higher than usual swirl combustor and also increases mixing intensity. This research was con-
ducted to develop optimized cyclone combustion system for thermal oxidation of VOCs. This research was
executed to establish the effect of swirl number with respect to the combustion temperature and composition
of exhausted gas in the specific combustor design.
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Fig. 1. Schematic representation of cyclonic VOC
combustor and section design.
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Fig. 2. Schematic process flow diagram of VOC com-
bustion system.
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Table 1. Combustion results with toluene concentration and amounts auxiliary fuel.

vOC 2700 ppm 2000 ppm 1550 ppm 1000 ppm 380 ppm
(LEL22.5%) (LEL16.7%) (LEL12.9%) (LEL8.3%) (LEL3.2%)
LPG T. HE CO T HE CO T. HE CO T. HE CO T. HE CO
(kg/hr) ¢C) (C) (ppm) (C) (C) (ppm) ('C) ('C) (ppm) (°C) (C) (ppm) (*C) (°C) (ppm)
2.67 807 569 5 804 561 0 798 570 6 844 663 2 82 629 14
223 799 601 4 794 58 O 785 S81 10 820 653 23 795 607 107
1.76 786 622 7 785 595 21 759 582 119 785 631 190 - .
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Fig. 3. Combustion results with tolune concentration
(LPG : 2.67 kg/hr).
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Table 2. Combustion results with gas flow rate and auxiliary fuel.

Qe 3.15 Nm*/min 2.45 Nm*/min 1.95 Nm?*/min
LPG (kg/hr) T. (*C) HE ('C) CO (ppm) T.('C) HE (‘C) CO (ppm) T.(C) HE (°C) CO (ppm)
2.67 843 638 0 839 561 0 834 628 0
2.23 823 643 3 816 586 0 818 649 1
1.76 760 610 638 785 595 21 788 651 6
1.47 - - - 759 596 103 766 653 18
Residence time 0.5 sec 0.65 sec 0.8 sec
Fan energy 1.398 kWh 0.827 kWh 0.494 kWh
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Table 3. Combustion temperature distribution.
. Combustion
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pomtip Ci €2 C3 ¢4 )
0.ir 652 587 779 766 814 711 193
0.3r 665 813 870 791 811 825 79
0.5r 634 911 850 791 802 851 120
0.7r 675 858 867 821 813 849 47
1.0r 623 754 851 827 805 810 97
avg.Th (°C) 785 843 799 809 809
ATh (°C) 324 81 6l
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Fig. 4. Temperature distribution on the horizontal
direction at each section.
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